Introduction. An increasing number of younger patients are being hospitalized with acute coronary syndromes. Earlier risk assessment is essential to prevent or delay coronary artery disease (CAD). This study aimed to assess the rate, risk factor profile, presentation, management and prognosis in young patients with CAD and compared with the same age group without CAD.
Introduction
Coronary artery disease (CAD) is one of the main causes of morbidity and mortality worldwide. Although this condition usually afflicts older people, an increasing number of younger patients are being hospitalized with acute coronary syndromes (ACS). The prevalence of coronary atherosclerosis in young adults is difficult to estimate. However, several studies have described the clinical profiles and outcomes of young adults, among which the incidence of the disease has been reported to range between 4% and 10% [1] [2] [3] [4] . Earlier risk assessment for effective cardiovascular disease prevention is essential to prevent or delay coronary calcification, which has been shown to predict subsequent coronary heart disease. In general, young patients are more likely to be male and to have a history of smoking, hyperlipidemia, and cocaine use but are less likely to have other comorbidities, such as hypertension, ction was done in all patients. The results were classified according to systolic function as normal (LVEF ≥ 50%), mild-moderate LV dysfunction (LVEF of 35-50%), or severe LV dysfunction (LVEF < 35%).
The major clinical outcomes (in-hospital and long-term) analyzed in our study included all cause mortality, congestive heart failure (New York Heart Association classes II-IV), recurrent ischemia/reinfarction, major arrhythmic events, cardiogenic shock, major bleeding, and stroke.
The study was approved by the local ethics committee.
Statistical analysis
Continuous variables were expressed as mean ± SE of mean. Dichotomous variables were expressed as counts and percentages. Differences in baseline characteristics were compared by using Student's t test and the χ 2 test. Calculations were done with the use of the SPSS software (version 16.0; SPSS, Inc., Chicago, Illinois). All P values were 2-sided and considered statistically significant at P < 0.05.
Results

Clinical characteristics
The mean ages at presentation were 41.7 ± 4.1 and 41.5 ± 4.5 years in the CAD and the control group, respectively. Tables 1 and 2 show the baseline clinical characteristics and laboratory findings for the study population. Patients with CAD were more likely to present with chest pain (95.6%) and less likely to have heart failure (Killip classes II to IV in 3.4%) and arrhythmia (1%). There was no significant difference between the two groups regarding age, blood pressure and heart rate at first admission, BMI, LDL values, and hypertension. The young patients with CAD had higher prevalences of smoking, male gender, family history of CAD, DM, previous CAD, and TG values but showed lower HDL levels. A few patients had a history of peripheral artery disease, prior cerebral stroke, and chronic renal failure. The prevalence of overweight was higher among young patients with CAD than in the control group (p = 0.008), whereas the difference in the prevalence of obesity between the two groups was not statistically significant (p = 0.188). Diabetes was more frequent in the CAD group (p < 0.001), and patients with CAD had higher serum glucose levels (p = 0.00) at first admission. The mean troponin-I level in the CAD group was 22.8 ± 33.1 µg/L. Echocardiography during hospitalization revealed that the mean LV function was significantly decreased in patients with CAD compared with the control group (p = 0.00).
Angiographic features
The majority of patients in the CAD group presented with STEMI, with a slightly higher rate of anterior MI. The most patients had single-vessel disease and left main disease (LMCA). Based on the angiographic analysis, 35 patients diabetes mellitus (DM), or prior CAD [1, 2, [5] [6] [7] [8] [9] [10] . We therefore investigated the CAD frequency, risk factors, presenting symptoms, treatment, angiographic findings, implications, and in-hospital outcomes among young patients undergoing coronary angiography in our hospital.
Materials and methods
Study population in this retrospective study included 4325 patients who had undergone coronary angiography in our hospital from 01 January 2011 to 30 September 2014. A total of 627 patients were ≤ 45-years-old and had ACS or stable angina pectoris with ischemia documented by exercise testing or myocardial perfusion scintigraphy. The cutoff age of 45 years has been previously used to define young patients. A total of 412 young patients showed coronary artery stenosis in the initial angiogram, and 215 patients had normal coronary arteries. We compared those patients who had CAD (CAD group) with those who showed normal coronary arteries (control group).
Data on the patients'demographic characteristics, risk factors, presenting signs and symptoms, blood investigation, number of diseased coronary vessels, ejection fraction (EF), complications, and in-hospital outcomes were retrospectively collected from clinical records and analyzed. The ACS definition included ST elevation myocardial infarction (STEMI), non-ST elevation myocardial infarction (NSTEMI), and unstable angina (UA). Coronary angiography was done in all patients because of ACS or stable angina with ischemia documented by exercise testing or myocardial perfusion scintigraphy. Also, coronary angiography was done to investigate the etiology of heart failure and arrhythmia. Angiographic stenosis was defined as a 70% or greater decrease in the diameter of a major epicardial coronary vessel or a decrease greater than 50% in the diameter of the left main coronary artery (LMCA). DM was defined as history of DM treated with medication, or a fasting blood glucose level of 126 mg/dL or two casual plasma glucose readings of 200 mg/dL. Hypertension was defined as blood pressure greater than 140 mm Hg systolic or 90 mm Hg diastolic on at least two occasions or receiving any antihypertensive drug. Hyperlipidemia was defined as history of dyslipidemia diagnosed and/or treated, low-density lipoprotein (LDL)-cholesterol greater than or equal to 130 mg/dL, high-density lipoprotein (HDL)--cholesterol < 40 mg/dL in men or < 50 mg/dL in women, or hypertriglyceridemia (TG ≥ 150 mg/dL). Current smoker was defined as a person who smoked cigarettes within 1 month. A family history of CAD was defined as evidence of CAD in a parent, sibling, or children before 55 years of age. Overweight was defined as body mass index (BMI) greater than 25 kg/m 2 , and obesity as BMI greater than 30 kg/m 2 . Renal impairment was defined as serum creatinine ≥ 2 mg/dL. Echocardiographic assessment of the left ventricular fun- with ACS had less than 50% stenosis, and 6 patients with ACS had normal coronary arteries. Only one coronary artery anomalies (circumflex artery (CX) originating from the right coronary sinus) was identified. The angiography revealed normal coronary arteries with slow coronary flow in pregnant patient with inferior MI who was admitted to the emergency department as a case of cardiopulmonary arrest. Also coronary artery dissection observed in the left anterior descending artery (LAD) in patient with 39-week pregnant. Although the mortality is higher in this patient group, she survived the three-year follow-up. Seven patients had a history of recreational drug use, but that may not be the exact number of social causes. Factor V Leiden mutation was identified in one patient. The patients received revascularization treatments, including thrombolytic therapy (43 patients), PCI (282 patients), and CABG (38 patients). Primary PCI was the main myocardial reperfusion therapy in STEMI and was done in 155 patients (37.6%). The success rate of percutaneous procedures was very high (approaching 97%) in the young patients, and that of primary PCI was 94.8%. Acute stent thrombosis occurred in 5 patients, and subacute stent thrombosis was detected in 11 patients, complicating STEMI during hospitalization. The rescue PCI was applied in 10 patients. Elective or emergent CABG was needed in 38 patients, and 60 patients were treated medically. During the long-term follow-up, recurrent MI developed in 33 patients, 13 of whom showed chronic stent restenosis. Table 3 shows the angiographic findings, treatment, and reperfusion strategies.
In-hospital outcome and discharge diagnosis
The duration of hospital stay in the CAD group was 4.1 ± ± 2.2 days. Sixty-nine patients (16.7%) with STEMI in whom percutaneous angioplasty was done received glycoprotein IIb/IIIa inhibitors. The rates of complications and mortality were lower during the hospitalization period. Fourteen patients in the CAD group had heart failure (Killip classes II to IV); cardiogenic shock occurred in 3 of these patients, requiring intra-aortic balloon counterpulsation for hemodynamic support. The in-hospital mortality was low, with only 2 deaths. None of the young patients had contrast nephropathy, sepsis, LV mechanical complications, such as septum/free wall rupture, embolism, or stroke. The incidence of major arrhythmic events, especially ventricular arrhythmia, was 7.2%. On discharge from the hospital, clinical heart failure required diuretics was considered in 54 (13.1%) of the young patients with CAD although half of the patients with CAD had preserved LVEF. During the mean followup period of 27 months (range, 8-54 months), 33 patients (8.09%) developed recurrent MI. Two patients developed apical thrombus, but none of the patients had a stroke. Table 4 shows the medical treatment and clinical outcomes of patients with ACS during their hospital stay and in the follow-up period.
Discussion
The prevalence of CAD in young patients have reported between 4% and 10 %depending on the cutoff age used; this is in accordance with the 9.52% prevalence in our study population [1] [2] [3] [4] . The recently increased prevalance of CAD in young adults can be partly attributed to the increased prevalence of risk factors for atherosclerosis. Previous studies have reported that young patients with CAD had higher proportions of males, smoking, overweight, hyperlipidemia, and family history of CAD but lower incidences of hypertension and DM [1, 2, 5-10]. However, most of these studies compared young patients with older ones. Our study results were in accordance with those previous findings and reinforce the role of conventional risk factors in young patients . Male sex was more prevalent, and risk factors, such as tobacco use, overweight, hyperlipidemia, DM, and hypertension, were more frequent in young patients with CAD compared with the control group. In addition, the statistical significance was less determined between the two groups in terms of hypertension, and LDL-cholesterol. Cigarette smoking was found to be the most common modifiable risk factor. The role of smoking in the pathogenesis of MI in young people is well-established, with most studies reporting that between 75% to 90% of young patients with acute MI are smokers [1] [2] [3] [4] [5] 9] . In the Framingham Heart Study, Kannel et al. [11] found the relative risk for CAD to be thrice higher in smokers of ages 35-44 years compared with nonsmokers. This was confirmed in the present study, in which 80.8% of the patients had a history of tobacco use, and the prevalence of smoking was more than twice as high among patients with CAD compared with controls.
The incidence of lipid abnormalities, especially high TG and low HDL cholesterol, was also a higher in patients with MI who were less than 45-years-old [4, 12, 13] . Fasting serum TG levels are usually inversely related to HDL levels, and hypertriglyceridemia is an independent risk factor beyond LDL cholesterol [4] . Thus, it can be concluded that high TG, which may be the primary lipid abnormality with or without low HDL levels and normal/high LDL levels in young adults, is a matter of concern. Also HDL-C are an important parameter for predicting the risk and the clinical outcomes of AMI in young male patients [13] . In our study, 81.1% of the patients had dyslipidemia. Although the LDL cholesterol level did not differ between the two groups, the TG concentration was higher and the HDL cholesterol level was lower in the CAD group, in accordance with previous findings [4, 12, 13] .
Overweight and obesity lead to many health conditions, such as DM, hypertension, hyperlipidemia, and heart disease [14] . Although overweight is not considered to be a certain risk factor for MI, it has been suggested to be a potential independent risk factor for MI in a young population [15] . Although the frequency of obesity was not significantly different between two groups the prevalence of overweight was significantly higher in the CAD group. Thus, our results suggested that being overweight might be a potential risk factor for MI in young populations.
The prevalence of DM in young patients was lower than in the non-young [6] [7] [8] [9] , moreover, it has been found to be frequently present in young CAD patients [14] [15] [16] . In this study, the prevalence of DM (mainly type 2) was twice as high in the CAD group than in the control group. In addition, the prevalence of DM was slightly higher compared with that reported in previous studies [6, 7] . Although insulin--dependent DM is a high risk factor for CAD, type 1 DM was found only in 5 young CAD patients, a lower number than in previous studies [14, 16] . Apart from overt diabetes, impaired glucose tolerance was found in 65% of MI survivors less than 45 years old, as reported in a previous study [17] ; however, there are no data related to insulin resistance in the present study.
Family history of premature MI is a factor known to be present in many of young patients and probably represent a combination risk factors of CAD that are genetically determined [1, 8] . It has previously been shown that children whose family members had premature CAD tended to have greater insulin resistance, more lipid abnormalities, and higher incidences of obesity [18] . In a study carried out among young patients in London, positive family history was found in 39% of the participants [19] . Similarly, we found family history in 38% of the patients; however, there was no statistically significantly difference between two groups. Angina that rapidly progress to acute MI is a common clinical presentation of CAD in young adults [2, 19] . The prevalence of stable angina is rare; it was found to be 24% in only one study and the duration of symptoms was reported to be less than a week in most patients [19] . Our study results indicated that young patients had an acute onset of symptoms, the prevalence of stable angina was 4.4%, 20.1% of patients had UA, and more than half of the patients were admitted with MI as the first sign of CAD. Only 24.5% of the cohort had a history of angina before MI; this trend is consistent with the results of Imazio et al. [20] . Therefore, CAD identification and intervention before MI is difficult in unsuspecting young patients.
Single-vessel disease was more common than multiple--vessel disease, and the prevalence of normal or minor coronary artery abnormalities was higher in young patients with CAD [1, 9] . Similarly, we found that young patients with MI have less extensive CAD, with a significant incidence of single-vessel disease. Also, the incidence of LMCA disease was very low in the young population. Multivessel lesions were present mainly in those who had several risk factors, especially DM. Normal or minor vascular disease was found in 10% of the patients.
Besides atherosclerotic CAD, non-atherosclerotic CAD or hypercoagulability such as pregnancy, carcinoma, polycythemia, nephrotic syndrome, collagen tissue disorder, oral contraceptive use, antiphospholipid syndrome, and factor V Leiden deficiency should be considered in young cases of MI [1, 2, 21] . Coronary artery spasm, whish is associated that recognise with the use of cocaine and alcohol may also play a role in initiating coronary occlusion and infarction [22, 23] . Non-atherosclerotic spontaneous coronary artery dissection (SCAD) is a rare cause of acute coronary syndrome; young women are at higher risk of SCAD, particularly in the peripartum or early postpartum period [24] . Coronary artery abnormalities are quite rare and it can initially present as MI in young adults [25] . A history of congenital coagulation disorders was found in only two patients. Drug use was reported by only seven patients (1.7%), a lower number than in other studies. It is because of drug use could not be questioned exactly and ıt was rejected by the social reasons. Connective tissue disorders were not found. The MI prevalence in a normal coronary angiogram was low (approximately 3%) but seemed to vary with age, with higher rates in young patients [1] .
The rate of in-hospital complications and mortality are low in young ACS patients due to their low-risk profile with usually have no concomitant disorders, less severe CAD, better cardiac reserve function, and the application of early revascularization with a better response to PCI [1, 3, 5, 9, 10] . Consistent with these studies, the rates of complications and mortality during the hospitalization period were low in most of our patients. The compliance to treatment in the hospital and at home was high among patients with CAD (Table 4) .
Study limitations
This study had certain limitations. First, it was done retrospectively, and the data on patients were obtained from medical records, which were incomplete. Second, only conventional risk factors for CAD were evaluated; other, newer risk factors, such as lipoprotein abnormalities, hypercoagulable states, and hyperhomocysteinemia, were not studied. Third, data on the use of cocaine or sympathomimetic agents were not available. Finally, nonatherosclerotic coronary disease was not directly evaluated, and there was no attempt to document the presence of coronary vasospasm by ergonovine stimulation in patients with normal coronary arteries.
Conclusion
This study emphasized that in a general population of the same age and sex, young patients with CAD were often smokers and overweight. They also had low--HDL cholesterol levels, hypertriglyceridemia, and DM. Patients commonly had an acute onset of symptoms, less extensive CAD, and a favorable prognosis. Besides atherosclerotic CAD, non-atherosclerotic CAD, such as congenital coronary abnormalities, coronary aneurysm, coronary dissection, or hypercoagulability, should be considered as an etiologic factor in young patients with MI despite its rare appearance. Consequently, it seems that smoking and components of metabolic syndrome, such as overweight, hypertriglyceridemia, and low HDL-C level, are important modifiable risk factors that community health service providers should focus on to come up with primary measures to prevent heart attacks in young adults.
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